The AAA-ATPase VCP/p97 promotes 53BP1 recruitment by removing L3MBTL1 from DNA double-strand breaks.
The accumulation of the human tumor suppressor 53BP1 at DNA damage sites requires the ubiquitin ligases RNF8 and RNF168. As 53BP1 recognizes dimethylated Lys20 in histone H4 (H4K20me2), the requirement for RNF8- and RNF168-mediated ubiquitylation has been unclear. Here we show that RNF8-mediated ubiquitylation facilitates the recruitment of the AAA-ATPase valosin-containing protein (VCP, also known as p97) and its cofactor NPL4 to sites of double-strand breaks. RIDDLE cells, which lack functional RNF168, also show impaired recruitment of VCP to DNA damage. The ATPase activity of VCP promotes the release of the Polycomb protein L3MBTL1 from chromatin, which also binds the H4K20me2 histone mark, thereby facilitating 53BP1 recruitment. Consistent with this, nematodes lacking the VCP orthologs CDC-48.1 or CDC-48.2, or cofactors UFD-1 or NPL-4, are highly sensitive to ionizing radiation. Our data suggest that human RNF8 and RNF168 promote VCP-mediated displacement of L3MBTL1 to unmask 53BP1 chromatin binding sites.